The role of chemistry in the development of any society cannot be overemphasized. Chemistry students are therefore expected to acquire flexible knowledge and problem solving skills to facilitate the expected development of our modern society. The purpose of this article is to investigate the roles of teachers and student in the development of self-directed learning and skills in Nigerian Secondary Schools. PBL is a student-centered pedagogy which helps students develop problem solving skills and improved knowledge through self-directed learning under teacher's supervision. It is supported by Cognitive and Constructive psychologists. The learning process in Nigeria schools does not produce students with the required skills and knowledge, because of traditional instructions by teachers, poor learning environment and inadequate learning facilities. This gives a reason for the research. The study used a qualitative approach with explanatory design. Fifteen (15) chemistry students (16 years) and a teacher were purposefully selected in one Senior Secondary School as participants. The participants received 6 weeks of PBL lessons using a topic purification of water. The researchers collected data through observations field notes during the intervention process and also interview a focus group of 5 students after the PBL lessons. The data were transcribed, triangulated and analyzed using content analysis. The results showed students have improved learning and acquisition of problem solving skills including life-long learning and information management due effective self-directed learning activities among them. The researchers therefore recommend the introduction of self-directed learning approach in Nigerian Secondary Schools and other higher educational institutions.
Introduction
Professionals working in a complex environment have to be flexible workers, reflective on their competencies and should be able to apply knowledge and skills in a diverse range of real-life situations. Education has the responsibility of training students to become effective professionals. Therefore modern curriculum design should be based on constructive learning theories, focusing on four major principles; The design and learning activities should be relevant to students and connected to real-life and practical situations, learning should be student-centered, collaborative and self-directed (Boucouvalas, 2009; MacDonald & Isaacs, 2001) . As a result of increasing importance of flexible knowledge and problem solving skills in developing a workforce, educational researchers and stake holders become interested in explorations for effective and relevant techniques and methods that might improve learning and development of skills for national development. On that note the national policy on science and technical education in Nigeria directed that graduates should be equipped with flexible knowledge and problem solving skills to enable them perform credibly in different capacities for national development (Federal Republic of Nigeria, 2004) . Nigeria therefore needs to adapt new constructive and student-centered learning strategies to produce adequate and effective workforce. Science teachers should make effort to facilitate improved learning and skills acquisitions through students-centered learning strategies to produce competent graduates into work places (Adeyemi, 1990; Nwamno & Izuagba, 2010) . Learning strategies for 21century education are being practiced in the developed world, for Nigeria to be developed in the year 2020, a shift from traditional to constructive learning approaches are necessary (Abbas & Arshad, 2014) .
Problem-based learning is a student-centered approach where students determined key issues of learning and solve a real-world problem through collaborative and self-directed learning activities under the guidance of a teacher. Focusing on real-life problems and exploration of relevant information across disciplines make students to develop flexible knowledge and effective problem solving skills. PBL process comprises of seven (7) steps as follows: Identify the problem, explore pre-existing knowledge, generate learning hypotheses, and identify learning issues, self-directed study, re-evaluation and application of new knowledge to the problem, assessment and reflection on learning (Barrows, 1996; Walsh, 2005) . PBL students are able to apply what they learned in terms of knowledge, reason and solve problems, conduct life-long learning, work in teams, communicate and respect the values and ethics of their professions, because they undergo teaching and learning approaches of practice by doing and teaching others. Therefore the profile of PBL graduates comprises of knowledge, skills and attitudes (Barrows & Tamblyn, 1980; Mierson & Freirt, 2004) . PBL is a constructive process, motivating and challenging strategy in teaching and learning at all levels of educational institutions and the epicenter of educational research in the 21st century (Surif, Ibrahim, & Mokhtar, 2013) . Researchers reported that PBL is very effective in many areas of learning: It improves the quality of learning because it is multidisciplinary in approach (Savin-Baden, 2000; Hmelo-Silver, 2004) . It makes students to be responsible for their learning process as they learn privately with very little assistance from the teacher or guide. Students can transfer learning in terms of knowledge and skills from one situation to another. This provides linkages between classrooms situations and everyday life in the society, the professional life at work places and the acquisition of life-long learning & information management skills. Students participate fully in collaborative learning activities including, discussions within a group, between groups, presentations of ideas and development of problem solving skills. This creates a friendly learning environment between teachers and their students. PBL developed students' critical thinking to ask more questions, critically look at solutions and conclude on learning issues (Tan & Arshad, 2014; Kolmos & Graaff, 2007) .
Self-Directed Learning
Self-directed learning required students to plan and manage learning activities, develop solutions or complete projects and personally pursue knowledge and skills. It involve various students-teachers activities and resources, such as self-guided reading, participation in study groups, accessing electronic information and reflective writing; teachers roles include dialogue with learners, securing resources, evaluating learning outcomes, and promoting critical thinking among students. Several researches reported, learner autonomy as an important component of self-directed learning, it does not mean learning in isolation from others. Some determining factors for the success of the learning process have been highlighted as learning environment, learning context, and the connections learners make during their learning (Ponton, 2005; Bouchard, 2009) . Although research on self-directed learning has been in place, it context has changed with online learning, because of greater access to technology, and opportunities for more personalized learning experiences and connections to information sources that were not previously available. Educational technology also changes the role of teachers and students, the learning environment, and the structure of traditional schooling. New developments in information and communication technology have put additional expectations on all learners to take more initiatives in their own learning (Posner, 1991; Candy, 2004) . Learning institutions have now recognized the importance of self-directed learning as a necessary skill needed for the 21st century professionals and the need for teachers to enhance students' abilities for accessing self-directed learning (Chou & Chen, 2008; Kop & Fournier, 2010) . The influence of the Internet on learning gives the opportunities of increase students motivation and the practical justification of the efficiency of ICT, particularly the electronic communication learning platform. Today the internet provides a wide range of opportunities for different aspects of learning including self-directed learning. The global network allows easy access to knowledge and skills considerably as well as learning practically from scratch by means of special services which allow contact of the processs through watching videos (Molchanova, 2015) .
Teaching and learning in Nigerian Secondary Schools
However, nowadays traditional lecture methods are still commonly practiced in Nigeria, where teachers dominate the whole learning process with "talk and chalk" and perceived their roles as sole dispensers of knowledge and the student passive listening role as a mark of respect for teachers' authority. This situation does not allow student the freedom to express their ideas and experiences of the new world (Ajaja, 2005; Abbas & Arshad, 2014) . The inability of science teachers to practice students-centered learning methods could be because of the poor learning environment, decayed learning infrastructure, poor science teacher's welfare program and the wrong public attitudes towards teaching as a profession unlike other professionals such as engineers, doctors www.ccsenet.org/ies International Education Studies Vol. 8, No. 12; 2015 and accountants in the same public service (Ibidapo-Obe, 2007; Das, 2009) . As a result of inadequate students learning interactions due to traditional methods, the learning process does not support meaningful learning and development of problem solving skills needed in modern society because passive learning cannot promote the understanding of scientific concepts (Abdullahi, 1982; Baharom & Palaniandy, 2013) . This research therefore investigates how the problem solving skills could be developed through self-directed learning in Nigerian Secondary Schools.
Research Objective and Questions
This research aims to explore self-directed learning and skills acquisition in Nigerian Secondary Schools. It seeks to answer the following questions:
(i) What are the roles of teachers and students in developing self-directed learning?
(ii) What are the roles of teachers and students in developing problem solving skills?
Methodology

Research Design and Sampling Procedure
This research has a qualitative approach and explanatory design. Fifteen (15) chemistry students with average years of 16 and a teacher with 10 years teaching experience were purposefully selected from a randomly selected Senior Secondary School in Yola South, Adamawa State of Nigeria as the research participants.
Intervention Process
The participants went through self-directed learning process using real-life problems (cholera, pipelines blockages and washing problems) from a Senior Secondary School syllabus study topic purification of water. The participants were divided into three self-directed learning groups. An intervention period of six (6) weeks with three (3) hours learning contact per week was carried out by the researchers with the help of the teacher using PBL module lessons. The module was developed based on Barrows (1996) PBL model.
Instrument and Data Collection
The researchers used observation and interview protocols as research instruments. They collected data during the intervention process through observations field notes on students learning activities and interactions and interview transcript for a focus group of 5 students' using unstructured questions after the PBL module lessons intervention. The data were organized and analyzed using content analysis.
Results and Discussions
In The data collected were organized and coded into themes using content analysis as follows: Selecting relevant ideas, identifying repeated ideas, organizing the repeated ideas into themes and forming the narrative to describe the research questions.
(i)What are the roles of teachers and students in developing self-directed learning?
Self-Directed Learning
Self-directed learning provides students independent learning with very little teacher support, it gives student the freedom to : Formulate learning goals, assess learning needs, source for learning resources, select the learning strategies, evaluate their learning outcome ( Fournier & Kop, 2010 ; Loyens, Magda, & Rikers, 2008) .
Students Formulate Their Learning Goals
(a) Observation field notes reports on students' formulation of learning goals.
Students formulate their learning goals before the process of learning begins. Considering module problem 1(Cholera). The students' dialogue on some teacher facilitation questions; what is the purpose of this learning? What do I want to achieve about cholera" at the end of the learning process? The formulation of learning goal was done with the help of the FILA chart (learning issues and action plan columns) as shown in "I plan the learning goal from the FILA chart before the beginning of learning process with the help the teacher AMCS.303.
Students Assess Their Learning Needs
(a) Observation field notes reports on students' assessment of learning needs Students also assess their learning needs before the process of learning begins. Based on problem 2(Blockages of pipes, tabs, shower heads and washing problems). The students discussed on some questions; "what do we need to know" about the problems during learning process? What courses the problems and how to control or solve the problems at the end of the learning process? The formulation of learning needs was also done with the help of the FILA chart the (learning issue / needs column) as shown in The students collaborated and set these study questions.
What are the courses of these blockages and washing problems?
How does the problem affect hold activities?
The teacher encouraged students with a question.
What do you do to solve the problem?
The teacher encouraged students to share knowledge and discuss in groups on the study questions and proffer a solution on, how to soften hard water for better house hold activities. "What I need to know about the problem at hand to be solved". AMCS205.
"I always assess my learning needs before I browse for information from the internet". AMCS304.
Student Source for Their Learning Resources
(a) Observation field notes reports on students' sourcing for their learning resources Self-directed learning students have the freedom and responsibility of learning. They search for relevant information from the library and internet facilities in the college computer and sometimes using their hand phones to obtain new knowledge. They integrate prior and new knowledge to synthesis solution of the problem. "I…. sometimes perform independent reading of materials at home during PBL module self-study period before the next class"…AMCS304. "I browsed from the internet the information I need for problem solution using my hand phone"...AMCS204.
Students Choose Their Learning Strategies
(a) Observation field notes reports on students' choosing their learning strategies Self-directed learning students have the option of choosing suitable learning strategies they believe can solve the problem involved based on their learning styles (Reference to problem 2; blockages of pipes lines, tabs, shower heads and washing problems). The teacher posed these questions to facilitate student's choice of learning strategies. "What do you do" about the problems? What courses the problems? How do you solve the problems? The students discussed on the questions during a process of choosing their learning strategies with the help of the www.ccsenet.org/ies International Education Studies Vol. 8, No. 12; 2015 FILA chart (what do we do column) as shown in Table 2 .
(b) Interview responses of students on their choice of learning strategies.
Researchers: How do you select your learning strategies?
Students: "I choose the best learning strategies using the FILA chart…what do you do? Column with the teacher guide"…AMCS204.
"I select good learning method that produces best result before the learning process"…AMCS105.
"I look for a better learning strategy, which suit my learning style easy to learn"...AMCS303.
"I independently think of how to go about the learning myself with guide of the teacher"…AMCS102.
Students Evaluate Their Learning Outcome
(a) Observation field notes reports on students' evaluation of their learning outcome:
The students were observed assessing their performance during the learning process to make up for any deficiencies of the learning process; they also assess their performance after the learning process to evaluate achievement of objectives and the overall goals of learning. This is done through students' questions and answers session as shown in Table 3 . Table 3 . Students' evaluation of their learning outcome through questions/answers session
Students questions Students answers
 What is the name of the bacteria in water that courses cholera AMCS102?
 How do the bacteria look like AMCS105?
 How does water become hard naturally AMCS103?.
 Do the bacteria that course cholera lives only in water?
 When does water becomes really hard?
 How do we soften hard water?
 These bacteria are called vibrio-cholerae AMCS101.
 These bacteria cannot be seen with ordinary eyes but only with a microscope AMCS103.
 Water hardness comes from natural occurring calcium and magnesium salts which are dissolved from the rocks by rain water flows. Water is harder in limestone areas than those with insoluble rock such as granite. AMCS105.
 Based on my ideas the bacteria do not only live in water but also on some bad foods or fruits, and that house fly is a vector for transmitting it. Therefore we should also avoid bad foods and fruits and live in well sanitized environmentAMCS103.
 Water become hard if it contained dissolved calcium and magnesium salts up to 120-180 mg per liter AMCS205.
 Hard water can be soften with the use of lime Ca (OH) 2 or soda ash Na 2 CO 3 . The calcium and magnesium ions are precipitated as calcium carbonate CaCO 3 and magnesium hydroxide Mg (OH) 2 as follows: AMCS104.
(b) Interview responses of students on their evaluation of learning outcome.
Researchers: How do you evaluate your learning outcome?
Students: "I assess my learning from time to time because assessment is part of the learning process in PBL"…AMCS104.
"I evaluate my achievement based on the set learning objectives using questions and answers with peers" AMCS301. Vol. 8, No. 12; 2015 Yes…or…No.AMCS301.
The result shows that PBL module lessons develop students' self-directed learning in which they initiate activities and acquired improved learning with minimal teacher support. Self-directed learning students plan and managed learning activities and pursue knowledge and skills on their own. They are involved in various learning activities such as individual and group studies, accessing internet materials and journals writing, interacting with teachers and promoting critical thinking among themselves. It encouraged students to formulate their learning goals, select learning strategies, assess their learning needs, source for learning resources from libraries / internet and evaluate their learning outcome under teacher's guide. It obvious that, giving the responsibility of learning to the learners is an important component of self-directed learning. When students formulate their learning goals, it facilitates the achievement of such goals, similarly students' choice of learning strategies give them an opportunity to choose a strategy based on their learning style, students search for learning resources from libraries and internet yields the most relevant materials across disciplines which provides solutions to the problem. Studentds evaluation of their learning outcome gives the opportunity for improvement of both learning and learning strategy. The result also corresponds with a research report that self-directed learning emphasized learning by doing and helps students to develop their own problem solving skills rather than telling them how to solve the problem. It also gives learners the responsibility and freedom to think creatively, generate and pursue their own learning goals, assess their learning needs, choose appropriate strategies for learning, source for learning materials and evaluate the materials and their learning outcome. Students think, plan and execute effective learning activities and develop life-long learning skills (Brookfield, 1984; Knowles, 1975; Ponton, 2005 & Bouchard, 2009 ).
3.1.6 Life-Long Learning and Information Management Skills Self-directed learning students have the freedom and responsibility of learning. They choose their learning strategies and search for relevant information on what they want to learn from libraries and internets services. The development in information and communication technology (ICT) has changed the learning environment and created greater access to information sources and more self-directed learning experiences that were not available. Students have more challenges in retrieving information electronically; these new learning activities help students develop life-long learning and information management skills (Posner, 1991; Candy, 2004) .
(a) Observation field notes reports on students' development of life-long learning and information management skills.
The students were observed searching for relevant information from the library and internet facilities in the college computer center and sometimes used their hand phones to obtain new knowledge. Students have private reading to collect necessary information and new knowledge; they integrate prior and new knowledge to synthesis solution of the problem.
(b) Interview responses of students on life-long learning and information management activities from the PBL module lessons include:
Researchers: How does PBL module develop your life-long learning skills?
Students: "I have learnt how to source for library materials in the PBL private readings"…AMCS104.
"I also learnt how to browse for journal articles and other materials online using search engine of the internet"...AMCS305.
"I usually have independent study at home to get information for problem solution"…AMCS203.
"Searching for information from the internet give me the ability to manage information more than before" AMCS303.
The result also shows that, PBL module lessons helped students' development of life-long learning and information management skills. They acquire effective knowledge and problem solving skills. The students develop skills for searching and managing information from libraries and internet sources. The knowledge and skills acquired through self-directed learning activities remain useful for life and make PBL module lessons graduates life-long learners. The result is supported by an earlier research report that the developments in the ICT, requires chemistry students to have life-long knowledge and information management skills to be able to overcome routine problems in their everyday life. Self-directed learning process is suitable for life-long learning; it provides the professional needs of graduates in work places because it is a problem solving process (Zakwan, Ismail, & Razali, 2013; Norman & Schmidt, 1993) . The result is also supported by some research reports that www.ccsenet.org/ies International Education Studies Vol. 8, No. 12; 2015 students' had improved learning and skills acquisition therefore generally perceived self-directed learning activities as interesting, enjoyable and motivating because it gives them freedom and responsibility for learning through critical thinking and searching for relevant information worldwide. The teacher guides them to search for learning resources from the internet and evaluate the information to provide solution to realize problems in the society (Posner, 1991; Candy, 2004; Meson, 2007) .
Conclusion and Implication of the Study
The introduction of real-life problems to stimulate student self-directed learning and the learning-by-doing approach of the PBL connected knowledge and practice. It also transferred class room experiences to real life situation in the society and enhanced professionalism in workplaces. This research revealed a positive effect of self-directed learning in improvement of learning and skills acquisition in chemistry students. Science teachers should adapt only students-centered learning methods to fully engage students in learning by doing. Therefore the researchers recommended self-directed approach for teaching and learning in Secondary Schools and other higher educational institutions particularly in Nigeria. 
